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Sir 



I, John Tane Christeller, being duly warned that willful false statements 
and the like are punishable by fine or imprisonment or both, under 18 U.S.C § 1001, and 
may jeopardize the validity of the patent application or any patent issuing thereon, state 

and declare as follows: 

1. All statements herein made of my own knowledge are true and 

statements made on information or belief are believed to be true. 

2. I hold a PhD (1974) in biochemistry from Michigan State 
University, an MSc (1969) in biochemistry from Victoria University of Wellington (New 
Zealand), and a BSc in Chemistry & Biochemistry (1968) from Victoria University of 
Wellington (New Zealand). I am presently employed as a Senior Scientist by the 
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Horticulture and Food Research Institute of New Zealand Limited- My duties include 
Programme Manager for Insect Science, Biological Safety Officer, Principal 
Radiochemical Officer, and Containment Facilities Manager at Hie Palraerston North site. 

3. My field of expertise is insect and microbial biochemistry and 
molecular biology and I have worked in this field since 1986. Previously I worked in the 
field of plant biochemistry and molecular biology since 1974. A list of my publications 
in these fields is attached as Appendix A. A list of distinctions and honors I have 
received is attached as Appendix B.. 

4. I have read and am familiar with the contents of the subject patent 
application. I have also read the Patent and Trademark Office Actions dated November 

19, 2002 and August 21, 2003. 

5. This invention is directed to transformed plants expressing an 
exogenous gene construct such that they become toxic to insect pests. Particularly, the 
invention is directed to chimeric nucleic acid molecules, vectors comprising a nucleic 
acid molecule of the invention, cells transformed with a vector of the invention, methods 
of producing a polypeptide encoded by a nucleic acid molecule of the invention, methods 
of producing pest resistant plants, pest resistant transgenic plants comprising a nucleic 
acid molecule of the invention, and seed from such plants. The presently claimed 
invention provides a nucleic acid molecule encoding a polypeptide comprising a vacuole 
targeting sequence and a plant-noxious pest control sequence linked in operable 
combination to said vacuole targeting sequence. The plant-noxious pest control sequence 
is a biotin binding sequence or a functionally equivalent variant or fragment of the biotin 
binding sequence. It is the biotin binding sequence that provides a plant expressing the 
chimeric nucleic acid molecule with its toxicity to insects. 
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I. One of ordinary skill to the art could readily determine the structural and 
physical characteristics of vacuole targeting sequences and biotin binding sequences 

6. It is ray understanding that the Examiner has rejected the 
previously pending claims as allegedly lacking written description, in particular for the 
recitation of the terms 'Vacuole targeting sequence" and "biotin binding sequence." 

7. Based on the state of knowledge in the field, the terms 'Vacuole 
targeting sequence" and "biotin binding sequence" would be well understood by one of 
ordinary skill in the art and a skilled worker could readily determine the structural and 
physical characteristics of vacuole targeting sequences and biotin binding sequences 
useful within the scope of the presently claimed invention. A skilled worker would 
understand that the term 'Vacuole targeting sequence" means an amino acid sequence that 
is operable to direct or sort a selected non-vacuolar protein to which the targeting 
sequence is linked, to a plant vacuole, or a nucleic acid sequence encoding such an amino 
acid sequence. A skilled worker would also understand that the term biotin binding 
sequence" means an amino acid sequence that is able to bind biotin, or a nucleic acid 
sequence encoding such an amino acid sequence. 

8. A representative list of previously reported plant and fungal 
vacuole targeting sequences that would be known to one of ordinary skill in the art is 
attached as Appendix C. By following the teaching of these previous reports and the 
disclosures of the present specification (see, e.g„ page 11, line 24 to page 12, line 1), a 
skilled worker could readily identify, obtain or manufacture through known means and 
employing known techniques a vacuole targeting sequence that would be useful within 
the scope of presently claimed invention. 

9. Furthermore, a skilled worker could readily confirm the suitability 
of candidate vacuole targeting sequences through known means and employing known 
techniques. For example, by making a homology comparison to known vacuole targeting 
sequences or alternatively by conducting an experiment whereby the candidate sequence 
is included in a chimeric nucleic acid of the invention, transformed into a plant and the 
methodology of Example 4 (see, e.g., page 31, line 12 to page 32, line 40) employed to 
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confirm vacuole targeting. Alternatively, a candidate vacuole targeting sequence could 
be included in a chimeric construct that includes a reporter gene such as green fluorescent 
protein or p-glucuronidase, transformed into a plant and well established methods for 
identifying reporter gene expression employed to confirm vacuole targeting (e.g. 
Gallagher SR (1992), "GUS Protocols: using the GUS gene as a reporter of gene 
expression", Academic Press, San Diego, California, 221 pp., and references therein; and 
Hicks BW (2002), "Green Fluorescent protein: Applications and protocols", Humana 
Press, Totowa, New Jersey, 393 pp., and references therein). 

10. A representative list of previously reported biotin binding 
sequences that would be known to one of ordinary skill in the art is attached as Appendix 
D. Selected references are expanded upon in Appendix E. By following the teaching of 
these previous reports and the disclosure of the present specification (see, e.g, page 13, 
line 19 to page 14, line 19), a skilled worker could readily identify, obtain or manufacture 
through known means and employing known techniques a biotin binding sequence mat 
would be useful within the scope of the present claims. 

1 1 . Furthermore, a skilled worker could readily confirm the suitability 
of candidate biotin binding sequences through known means and employing known 
techniques. For example, by making a homology comparison to known biotin binding 
sequences or alternatively by conducting an experiment whereby the candidate sequence 
is subjected to an in vitro biotin binding assay to determine whether it is capable of 
binding biotin (e.g. Wilcheck M, Bayer EA (1990), "Avidm-Biotin Technology", 
Methods in Enzymology, 184: 208-240, and articles and references therein). 
Alternatively, or in addition, a candidate sequence could be subjected to an in vitro 
competitive binding assay by an ordinarily skilled worker using a previously reported 
biotin binding sequence (such as avidin or streptavidin) to determine the likely suitability 
of the candidate for inclusion within a nucleic acid of the invention. Multiple candidate 
sequences could readily be assessed for suitability by a skilled worker using reported 
library screening methods (manual or automated) employing such assays. 
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12. The structural and physical characteristics of a reported, putative or 
candidate vacuole targeting sequence or biotin binding sequence could be readily 
determined by an ordinarily skilled worker using reported amino acid or nucleic acid 
sequencing techniques or application of algorithms (e.g. Emanuelsson O, von Heijne G 
(2001), "Prediction of organellar targeting signals", Biochim. Biophys. Acta 1541: 114- 
9). If only the amino acid sequence were known, a suitable nucleic acid sequence could 
be constructed through known means and tested for suitability as described above. The 
structural and physical characteristics of multiple sequences could be determined using 
known manual or automated sequencing methods. 

13. In addition, none of the analysis required of an ordinarily skilled 
worker to identify, obtain and characterize suitable sequences for use within a nucleic 
acid of the invention would constitute undue experimentation. The means and techniques 
employed to conduct such an analysis are routine in a laboratory specializing in plant 
biochemistry and genetics. 

14. Therefore, one of ordinary skill in the art would find that the 
Claims have sufficient written description for the terms "vacuole targeting sequence" and 
<c biotin binding sequence". 

H. One of ordinary skill in the art would interpret "a functionally equivalent 
variant or fragment of the biotin binding sequence" to exclude variants or 
fragments where substitution results in loss of biotin binding function and the 
documents recited in Appendix D support this fact 

15. It is my understanding that the Examiner has rejected the claims as 
non-enabled and alleges that the specification fails to provide guidance for nucleic acids 
encoding amino acids that bind biotin, and variants and functional equivalents of such 
amino acids or nucleic acids. 

16. As explained in detail above, any ordinarily skilled worker could 
readily identify and obtain any sequence that is able to bind biotin and employ same 
within a nucleic acid of the invention as presently claimed. 
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17. Furthermore, one of ordinary skill in the art would interpret die 
language of the present claims that reads "a functionally equivalent variant or fragment of 
the biotin binding sequence" to exclude variant or fragment amino acid sequences where 
substitution results in loss of biotin binding function. The teaching of the present 
specification clearly relates to expression of a chimeric polypeptide that is targeted to a 
plant vacuole and is able to bind biotin. The presently claimed invention is directed to "a 
functionally equivalent variant or fragment of the biotin binding sequence". On reading 
the disclosure claims of me present specification, a skilled worker would interpret the 
function of the biotin binding sequence to be a biotin binding function. Accordingly, the 
phrase a "functionally equivalent variant or fragment of the biotin binding sequence" 
would be interpreted by a skilled worker to mean a sequence that is varied in some way 
from, or is a portion of, a reported or newly discovered biotin binding sequence that is 
still able to bind biotin. The ability of a variant or fragment to bind biotin can be 
confirmed by conducting a biotin binding experiment as described above. 

18. Furthermore, a number of functionally equivalent variants or 
fragments of previously reported biotin binding sequences have also been reported. In 
this regard, a representative selection of the references cited in Appendix D is expanded 
on in Appendix E. 

19. Based on the teaching of the present specification, the state of 
knowledge in the field, a review of the literature and on an analysis of the references 
cited in Appendix D and explained in Appendix E, one of ordinary skill in the art would 
conclude that the specification does provide guidance for nucleic acids that bind biotin, 
and variants and functional equivalents of such nucleic acids. 

in. One of skill in the art would be able to identify any useful biotin-binding 
sequence or functionally equivalent fragment or variant thereof for use within a 
chimeric construct of the invention 

20. It is my understanding that the Examiner has rejected the claims as 
non-enabled and alleges that the specification does not provide sufficient guidance for 



51PM FROM- 



T-800 P. 008/033 F-774 



^ - 11 , / PATENT 
Chnsteller et al ■ 

Application No.: 09/743,690 
Page 7 

one of ordinary skill in the ait to identify any useful biotin-binding sequence or 
functionally equivalent fragment or variant thereof for use within a chimeric construct of 
the invention. 

21 . As explained in detail above, based on the teaching of the present 
specification, the state of knowledge in the field, a review of the literature and on an 
analysis of the references cited in Appendix D and explained in E, one of ordinary skill in 
the art would be able to identify any useful biotin-binding sequence or functionally 
equivalent fragment or variant thereof for use within a chimeric construct of the 
invention. 

IV. One of skill in the art would be able to produce and test any plant produced 
with the claimed constructs without undue experimentation and the teaching of the 
present specification and the references in Appendix F support this fact 

22. It is my understanding that the Examiner has rejected the claims as 
non-enabled and alleges that the specification does not enable one of skill in the art to 
produce and test any plant produced with the claimed constructs without undue 
experimentation, 

23. The disclosure of present specification teaches in detail regarding 
the production of transformed plants of the invention (see, e.g., page 16, line 29 to page 
21, line 33), In addition, a skilled worker has access to a body of reported transformation 
protocols, such as those set out in Appendix F. 

24. Furthermore, at least Examples 4 to 6 (see, e.g., page 31, line 12 to 
page 37, line 27) provide clear teaching on preferred methods of testing plants of the 
invention for the presence of the expressed biotin binding sequence, correct targeting of 
the biotin binding sequence to the vacuole and toxicity. It is already well established that 
biotin binding peptides can be toxic to insects and a simple feeding trial can be run to 
confirm whether a given biotin binding sequence or variant or fragment thereof is in fact 
toxic. On that basis, a plant transformed according to the invention need only be tested 
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using an assay to determine that the biotin biding sequence is being expressed at a 
suitable level, such as the assay disclosed in Examples 4 and 5. 

25. Based on the teaching of the present specification, the state of 
knowledge in the field and a review of the literature, one of ordinary skill in the art would 
be able to produce and test any plant produced with the claimed constructs without undue 
experimentation. 



The Declarant has nothing further to say. 



Dated: \\^ 



By: 




John Christeller, Ph.D. 
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APPENDIX A 



Publications 

1 Taylor A D, Jepsen, N M & Christeller J T (1972). Plants under climate stress in. 
Low temperature high light effects on photosynthetic products. Plant Physiol. 49: 
798-802. 

2 Christeller J T, Laing W A & Troughton JH (1976). Isotope discriirnmtion by 
ribulose 1,5-diphosphate carboxylase: No effect of temperature or HCO-3 
concentration. Plant Physiology 57:580-582. 

3 Laing W A & Christeller J T (1976). A model for the kinetics of activation and 
catalysis of ribulose 1,5-bisphosphate carboxylase. Biochem J. 159: 563-570. 

4 Christeller J T, Laing W A & Sutton W D (1977). Carbon dioxide fixation by 
lupin root nodules I. Characterization, association with phosphoenolpyruvate 
carboxylase, and correlation with nitrogen fixation during nodule development. 
Plant Physiology 60: 47-50. 

5 Christeller J T and Tolbert N E (1978). Phosphoglycolate Phosphatase. 
Purification and Properties. J. Biol Chem. 253: 1780-1785. 

6 Christeller J T and Tolbert N E ( 1 978). Phosphoglycolate Phosphatase. Effect of 
Cation and pH on Activity. J. Biol Chem. 253: 1786-1790. 

7 Christeller J T and Tolbert NE (1978). Phosphoglycolate Phosphatase. Studies 
of Hydrolysis and Transphosphorylation, Substrate Analogs, and Sulfhydryl 
Inhibition. J. Biol Chem.253: 1791-1798. 

8 Christeller J T & Laing W A (1978). A kinetic study of ribulose bisphosphate 
carboxylase from roe photosynthetic bacterium Rhodospirillum rubrum. 
Biochemical Journal 173: 467-473. 

9 Christeller J T & Laing W A (1979). Effects of manganese ions and magnesium 
ions on the activity of soya-bean ribulose bisphosphate carboxylase/oxygenase. 
Biochemical Journal 183: 747-750. 

10 Laing W A, Christeller J T & Sutton W D (1979). Carbon dioxide fixation by 
lupin root nodules 2. Studies with 14C-labeled glucose, the pathway of glucose 
catabolisra, and the effects of some treatments that inhibit nitrogen fixation. Plant 
Physiology 63: 450-454. 
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1 1 Laing W A & Chnsteller J T (1980). A steady state kinetic study on the catalytic 
mechanism of ribulose bisphosphate carboxylase from soybean. Archives of 
Biochemistry and Biophysics 202: 592-60. 

12 Chnsteller J T (1981). The effects of bivalent cations on ribulose bisphosphate 
carboxylase/oxygenase. Biochem. J. 193: 839-844. 

13 Chnsteller J T and Hartman F C (1982). Inactivation of Rhodospirillum rubrum 
Rbulose Bisphosphate Carboxylase/Oxygenase by the Affinity Label 2-N- 
Chloroamino-deoxypentitol 1,5-Bisphosphate, FEBS Letters 142: 162-166. 

14 Chnsteller J T (1982). Effects of Divalent Cations on the Activity of Ribulose 
Bisphosphate Carboxylase: Interactions with pH and with D20 as Solvent. Arch. 
Biochem- Biophys. 217: 485-490. 

15 Laing W A & Chnsteller J T (1984). Chloroplast phosphoproteins: Distribution 
of phospho-proteins within spinach chloroplasts. Plant Science Letters 36: 99- 
104. 

16 Chnsteller J T (1984). Seedling Growth of Zea mays at 13 C: Comparison of a 
Corn Belt Dent and a Hybrid Selected for Rapid Plumrnule Emergence at Cool 
Temperatures. J. Exptl. Bot. 35: 955-964. 

17 Mitsui T, Christeller J T, Hara-Nishamura I, and Akazawa T (1984). Possible 
Roles of Calcium and Calmodulin in the Biosynthesis and Secretion of (o> 
Amylase in Rice Seed Scutellar Epithelium. Plant. Physiol. 75: 21-25. 

18 Mitsui T, Akazawa T, Christeller J T, Tartakoff A M (1985). Biosynthesis of rice 
seed (o>amylase: two pathways of amylase secretion by the scutellum. Arch. 
Biochem. Biophys. 241: 355-328. 

19 Christeller J T, Terzaghi B E, Hill D F & Laing W A (1985). Activity expressed 
from cloned Anacystis nidulans large and small subunit ribulose bisphosphate 
carboxylase genes. Plant Molec Biol. 5: 257-263. 

20 Terzaghi B E, Laing W A, Christeller J T, Petersen G B & Hill D E (1986). 
Ribulose 1,5-bisphosphate carboxylase. Effect on the catalytic properties of 
changing methionine-330 to leucine in the Rhodospirillum rubrum enzyme. 
Biochem J 235: 839-846. 

21 Hardacre A K, Christeller J T & Laing W A (1986). The response of simulated 
swards of perennial ryegrass and white clover to enriched atmospheric C02. 
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Interaction with nitrogen and photosynthetic photon flux density. N Z journal of 
Agricultural Research 29: 567-573. 

Christeller J T, Shaw B D, Gardiner S E, and Dymock J J (1989) Partial 
purification of the major midgut proteases of 'the grass grub larvae (Costejytra 
zealandica, Coleoptera: Scarabaeidae). Insect Biochem. 19: 221-231. 

23 Christeller J T and Shaw B D (1989). The interaction of a range of serine 
protease inhibitors with bovine trypsin and Costejytra zealandica trypsin. Insect 
Biochem. 19: 233-241. 

24 Laing W A, Christeller J T & Terzaghi B E, (1989). The effect of temperature, 
photon flux density and nitrogen on growth of Gracilaria sordida Nelson 
(Rhodophyta) Botanica Marina 32 439-446. 

25 Christeller J T & Laing W A, (1989). The effect of enviromnent on the : agar ^yield 
and gel characteristics of Gracilaria sordida Nelson (Rhodophyta) Botanica 
Marina 32 447-456. 

26 Goloubinoff P, Christeller J T, Gatenby A A, and Lorimer G H (1989). 
Restitution of active dimeric ribulose bisphosphate carboxylas e &o™ 
unfolded state requires.two chaperonin proteins and ATP. Nature 342: 884-88 J. 

27 Christeller J T, Laing W A, Shaw B D & Burgess E P (1990). <J««J-Mon 
and partial purification of the digestive proteases of the black field cricket 
Teleogryllus commodus (Walker): Elastase is a major component. Insect 
Biochemistry, 20: 165-172. 

28 Burgess EPJ, Stevens P S, Keen G K, Laing W A & Christeller J T (1992). 
Effects of protease inhibitors and dietary protein level on the Black Field Cricket, 
Teleogryllus commodus. Entomol. Exptl. Appl. 61: 123-130. 

29 Christeller, J T, Laing W A, Markwick N P & Burgess E P J (1992). Digestive 
physiology of the midgut of twelve phytophagous lepidopteran larvae, insect 
Biochem. Mol. Biol. 22: 735-746. 

30 Dymock J J, Laing W A, Shaw B D, Gatehouse A M R & Christeller J T. (1992) 
Behavioural and physiological responses of grass grub larvae (Costelytra 
zealandica) feeding on protease inhibitors. NZ J. Zool. 19: 123-131. 

31 Beuning , LL & Christeller, JT (1993) Isolation of a cDNA for proteinase 
inhibitor I. Plant Physiol. 102: 1061. 
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32 Christeller J T, Gatehouse A M R & Laing W A. (1994) The interaction of Jhe 
elastase inhibitor, Eglin C, with insect elastases. Effect of pH on the dissociation 
constants. Insect Biochem. Mol. Biol. 24(1): 103-109. 

33 Christeller J T, Markwick N P, and Burgess E P J. (1994) Midgut proteinase 
activities of three keratinolytic larvae, Hoffmanophila pseudospretella Tmeola 
bisseliella and Anthrenocerus australis and the effect of proteinase inhibitors on 
proteolysis. Arch. Insect Biochem. Physiol. 25: 159-173. 

34 Burgess E P J, Main C A, Stevens P S, Christeller J T, Gatehouse A M R & Laing 
WA (1994) Effects of protease inhibitor concentration and combinations on the 
survival, growth and gut enzyme activities of the black field cricket, Teleogryllus 
commodus J. Insect Physiol. 40: 803-811. 
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Beuning L L, Spriggs T W, and Christeller J T. (1994) Evolution of the 
proteinase inhibitor I family and apparent lack of hypervariability m the 
proteinase contact loop. J. Mol. Evol. 39: 644-654. 

36 Murray C & Christeller JT (1994) Genomic nucleotide sequence of a proteinase 
inhibitor II gene. Plant Physiol. 106: 1681. 

37 McManus MT, Laing WA, Christeller JT, White DWR (1994) Posttranslational 
modification of an isoinhibitor from the potato proteinase inhibitor n gene family 
in transgenic tobacco yields a peptide with homology to potato chymotrypsin 
inhibitor I. Plant Physiol. 106: 771-777. 

38 McManus MT, Laing WA, Christeller JT (1994) Wounding induces a series of 
closely related trypsin/chymotrypsin inhibitory peptides in leaves of tobacco. 
Phytochem. 37: 921-926. 

39 Murray C, Christeller JT (1995) Purification of a trypsin inhibitor (PFTI) from 
pumpkin fruit phloem exudate and isolation of putative trypsin and chymotrypsin 
inhibitor cDNA clones. Biological Chemistry Hoppe-Seyler 376: 281-287. 

40 Malone LA, Giacon HA, Burgess EPJ, Maxwell JZ, Christeller JT, Laing WA 
(1995) Toxicity of trypsin endopeptidase inhibitors to honey bees (Hymenoptera: 
Apidae). J. Econ Entomol. 88: 46-50. 

41 Skabbe U, Christeller JT, Eccles CD, Laing WA, Callaghan PT (1995) A method 
to distinguish between chemical shift and susceptibility effects in NMR 
microscopy and its application to insect larvae. Magnetic Resonance Imaging 13: 
471-480. 
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42 Markwick NP, Reid SJ, Laing WA, Christeller JT (1995) Effects of dietary 
protein and protease inhibitors on codling moth (Lepidoptera: Tortncidae). J. 
Econ. Entomol. 88: 33-39. 

43 McGhie TK, Christeller JT, Ford R, AUsopp PG (1995) Characterization of 
midgut proteinase activities of white gruhs; Lepidiota noxia. Lepidiota negatona 
and Antitrogus consanguineus (Scarabaeidae; Melolonthini). Arch. Insect 
Biochem. Physiol. 28: 351-363. 

44 Skibbe U, Christeller JT, Eccles CD, Laing WA, Callaghan PT (1995) 
Phosphorus imaging as a tool for studying pH metabolism in Uvmg insects. J. 
Magnetic Resonance B 108: 262-268. 

45 Bian XY, Shaw BD, Han YF, Christeller JT (1996) Midgut proteinase activities in 
larvae of Anaplophora glabripennis (Coleoptera: Cerambycidae) and their 
interaction with proteinase activities. Arch Insect Biochem. Physiol. 31: 23-37. 

46 McHenry JZ, Christeller JT, Slade EA, Laing WA (1996) The major extracellular 
proteinases of the silverleaf fungus, Chondrostereum purpureum, are 
metalloproteinases. Plant Pathol. 45: 552-563. 

47 Markwick NP, Christeller JT, Laing WA (1996) Alpha-amylase activities in 
larval midgut extracts from four species of lepidoptera (Tortricidae and 
Gelechilidae): response to pH and to inhibitors from wheat, barley, kidney bean 
and Streptomyces. J. Econ. Entomol. 89: 39-45. 

48 Christeller JT (1996) Degradation of wool by Hofmannophila pseudospretella 
(Lepidoptera: Oecophoridae) larval midgut extracts under conditions simulating 
the midgut environment. Arch. Insect Biochem. Physiol. 32: 99-1 19. 

49 Skibbe U, Christeller JT, Callaghan PT, Eccles CD, Laing WA (1996) 
Visualization of pH gradients in the larval midgut of Spodoptera litura using 31-P 
NMR microscopy. J. Insect Physiol. 42: 777-790. 

52 Burgess EPJ, Malone LA, Christeller JT (1996) Effects of two proteinase 
inhibitors on the digestive enzymes and survival of honey bees (Apis meliferd). J 
Insect Physiol . 42: 823-828. 

53 Laing WA, Christeller JT (1997) A plant chloroplast glutamyl proteinase. Plant 
Physiology . 114: 715-722. 

54 Gatehouse LN, Shannon AL, Burgess EP, Christeller JT (1997) Characterization 
of major midgut proteinase cDNAs from Helicoverpa armigera larvae and 
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changes in gene expression in response to four proteinase inhibitors in the diet 
Insect Biochem Mol Biol 27:929-944 
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Heeswijck R, Anderson MA (1997) Proteinase inhibitors from Nicotiana alata 
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analysis of a genomic clone of Arabidopsis thaliana (Accession No. AfrOiiBoZ) 
encoding a LON protein (PGR98-023). Plant Physiol. 116: 868. 
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A.G. Spiers (2001) Extracellular enzymes of Chondrostereum purpureum, causal 
fungus of silverleaf disease New Zealand Plant Protection Society Proc. 54: 202- 
208. 

64 Sutherland PW, Burgess EPJ, Philip B A, McManus MT, Watson L, Christeller JT 
(2002) Ultrastructural changes to the midgut of the black field cricket 
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{Teleogryllus commodus) following ingestion of potato protease inhibitor II. J 
Insect Physiol 48: 327-336. 

65 John T. Chnsteller, Elisabeth PJ. Burgess, Valentina Mett, Heather S. Gatehouse, 
Ngaire P. Markwick, Colleen Murray, Louise A. Malone, Michelle A. Wright, 
Bruce A Philip, Dianne Watt, Laurence N. Gatehouse, Gaabor L. Lovei, April L. 
Shannon, Margaret M. Phung, Lynn M. Watson, William A. Laing (2002) The 
Expression of a Mammalian Proteinase Inhibitor, Bovine Spleen Trypsin Inhibitor 
in Tobacco and its Effects on Helicoverpa annigera Larvae Transgenic Research 
11: 161-173 

66 Burgess EPJ, Malone LA, Chnsteller JT, Lester MT, Murray CM, Philip BA, 
Phung MM and Tregidga EL (2002) Avidin expressed in transgenic tobacco leaves 
confers resistance to two noctuid pests, Helicoverpa armigera and Spodoptera 
litura. Transgenic Research 11: 185-198 

67 Colleen Murray, Paul W. Sutherland, Margaret M. Phung, Melissa T. Lester, 
Bichette K. Marshall, John T. Christeller (2002) Expression of Biotin-Binding 
Proteins, Avidin and Streptavidin, in Plant Tissues Using Plant Vacuolar 
Targeting Sequences Transgenic Research 11: 199-214 

68 P.CFarley JT Christeller, ME Sullivan, PA Sulivan WA Laing (2002) Analysis 
of the interaction between the aspartic peptidase inhibitor SQAPI & aspartic 
peptidases using surface plasmon resonance. Journal of Molecular Recognition 
15: 135-144. 

69 Malone LA, Burgess EPJ, Mercer CF, Christeller JT, Lester MT, Murray C, 
Phung MM, Philip BA, Tregidga EL, Todd JH (2002) Effects of biotin-binding 
proteins on eight species of pasture invertebrates, representing the Orthoptera, 
Coleoptera, Molusca and Nematoda. Proc NZ Plant Protection Soc. Proceedings 
55:411-415 

70 Todd JH, Malone LA, Gatehouse HS, Burgess EPB, Christeller JT, Philip BA, 
Tregidga EL (2002) Effects of two protease inhibitors on larvae of argentine stem 
weevil and clover root weevil. Proceedings 55: 416-420. 

7 1 Gatehouse LN, Christeller JT, Gatehouse HS, Zou XY (2002) A strong inhibitor 
of chymotrypsin/elastase is highly antimetabolic to Helicoverpa armigera larvae. 
Proc NZ Plant Protection Soc. Proceedings 55: 421-428 

72 Markwick N.P., L.C. Docherty, M.M. Phung, M. Lester, CM. Murray, J-L. Yao, 
D. Mitra, D. Cohen, L.L. Beuning, J.T. Christeller (2003) Transgenic tobacco 
and apple plants expressing biotin-binding proteins are resistant to two 
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cosmopolitan insect pests, potato tuber moth (Phthorimaea operculella. fern: 
Gelechiidae) and light brown apple moth (Epiphyas postvittana, fam: Tortncidae) 
respectively. Transgenic Research 12:671-81. 

73 E.P.J. Burgess, G.L. Lovei, L.A. Malone, I.W. Nielsen, H.S. Gatehouse, J.T. 
Christeller (2002) Prey-mediated effects of the protease inhibitor aprotinin on the 
predatory carabid beetle Nebria brevicollis, J. Insect Physiol. 48: 1093-1 101. 

74 Malone LA, Tregidga EL, Todd JH, Burgess EPJ, Philip B A, Markwick NM, 
Poulton J, Christeller JT, Lester MT, Gatehouse HS (2002) Effects of ingestion of 
a biothvbinding protein on adult and larval honey bees. Apidologie 33: 447-458. 

75 R. K. Marshall, M. T. Lester, T. R. Glare' J. T. Christeller (2003) The fungus, 
Lecanicillium muscarium, is an entomopathogen of passionvine hopper 
(Scolypopa australis). NZ J Crop Hon Sci. 31:1-7. 

Published Conference Proceedings and Other Scientific Reports 

1 Christeller J T, Fumeaux R, Gordon M E, Laing W A, Miller I, Nelson W, Shaw 
B D & Terzaghi B E (1983). The potential for mariculture of seaweeds in New 
Zealand. Technical Report No. 18,21 pp. 

2 Shaw B D, Christeller, J T, Gardiner, S E, Laing, W A, and Dymock, J J (1987). 
The inhibition of larval gut proteinases from Costelytra zealandica (Coleoptera: 
Scarabaeidae). Proceedings of Symposium on Movements of Pests and Control 
Strategies Kuala Lumpur, 8 pp. 

3 Laing W A and Christeller J T (1987), Rubisco, photosynthesis and growth. 
International Symposium and Workshop on Gene Manipulation for Plant 
Improvement in Developing Countries, SAB RAO, Kuala Lumpur, 341-352. 

4 Christeller J T (1987). The Japanese Seaweed Industry, particularly agar 
production and Utilization. In "New Zealand Biotechnology Mission to Japan" 
(Robertson J G and Ennis C M eds.) pp 72-73 . 

# 

5 Christeller J T (1987). Protein Engineering. In "New Zealand Biotechnology 
Mission to Japan" (Robertson J G and Ennis C M eds.) pp 74-75. 

6 Dymock J J, Laing W A, Christeller JT & Shaw B D (1989). The effect of 
trypsin inhibitors on grass grub (Costelytra 2ealandica (White)) larval growth and 
trypsin activity. Proc. 42nd NZ Weed and Pest Conf. 67-70. 

7 Burgess EPJ, Stevens P S, Beuning L L, Christeller J T & Laing W A (1990). 
Feeding growth and survival of the black field cricket, Teleogryllus commodus, 
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on potential model plants for genetic transformation. 
Pest Control Conf. 352-355. 

8 Burgess EPJ, Dymock JJ, Stevens PS, Christeller JT, Laing WA, Shaw BD, 
Gatehouse AMR (1990) Protease inhibitors as resistance factors against pasture 
pests. Symp. Biol. Hung 39: 449-450. 

9 Christeller J T (1990). The Potential of Protease Inhibitors as Single Gene Insect 
Resistance Factorsin Plants. International Symposium on Molecular and Genetic 
approaches to Plant Stress. ICGEB, New Delhi, 3 pp. 

10 Christeller JT (1991) Insecticidal proteins for Moth-proofing wool. Milestone 
Report to the NZWB. CR 91/85 14 pp. 

11 Christeller JT (1992) Insecticidal proteins as Wool Insect-Resist Agents, Second 
Milestone Report to the NZWB. CR 92/154 14 pp. 

12 Christeller JT, Markwick NP (1993) Transgenic apple for leafroller management 
NZAPMB Project Report, CR 93/233, 18 pp. 

13 White DWR, Biggs DR, McManus MT, Voisey CR, Christeller JT, Broadwell 
AH, Burgess EPJ, Chilcott CN, Wigley PJ, McGregor PG (1993) Development 
of plants resistant to insect pests using gene manipulation. Proc. XVJJ Internat 
Grassland Congr. pp 1 159-1 161 . 

14 Christeller JT (1993) Insecticidal proteins as Wool Insect-Resist Agents. Third 
Milestone Report to the NZWB. CR 93/213. 18 pp. 

15 Burgess EPJ, Main CA, Stevens PS, Gatehouse AMR, Christeller JT, Laing WA 
(1993) Protease inhibitors active against porina caterpillar (Wiseana cervinata). 
Proc. 6th Australasian Grassl. Invert. Ecol. Conf. pp 331-339. 

16 Christeller JT, Markwick NP (1994) Transgenic apple for leafroller management. 
NZAPMB Project PI93/17 Report, CR 94/240, 15 pp. 

17 Shaw BD, Christeller JT, Cohen D, Bian XY (1994) Towards durable insect 
resistance in transgenic poplar. Proc. 1994 NZ Conf. Sustain. Land Management, 
pp 259-261. 
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Proc. Beijing. 

20 Christeller JT,Desborough P, Eyles G, Hall A, Stace C, Steven D, Wilkiiison A 
(1995) Directions for hardwood research. Working Party report, DR. 95-25, 27 pp. 

21 Christeller JT, Markwick NP (1995) Transgenic apple for leafroller management. 
NZAPMB Project PI94/17 Report, 19 pp. 

22 Christeller JT, Jackson TA (1996) Inhibition of digestive enzyme synthesis: A 
new mechanism in insect pathogenesis. Third Internet. Lincoln Workshop on 
Microbial Control of Soil Dwelling Pests. . Eds. T.A. Jackson, and T.R. Glare, p. 
73-77. 

23 Christeller JT (1997) FAO Regional Expert Consultation on the Application of 
Biotechnology in Pest Management. Country Status Report: New Zealand. ISBN 
0-478-06813-1. 17 pp. 

24 Graves, S., Markwick, N.P., Vickers, J.M., Christeller, J.T., and Ward, V.K. 
(1998) Synergistic Activities in Wiseana spp. Viruses. In: Proceedings of the 
Fourth International Lincoln Workshop, Microbial Control of Soil Dwelling 
Pests. Eds. T.A. Jackson, and T.R. Glare. Pp3 1-36. 

25 Christeller JT (1997) Report on the FAO Regional Expert Consultation on the 
Application of Biotechnology for Pest Management New Delhi, 24-28 February 
1997, FRST Technical Participation Programme 96/15, 9 pp. 

26 Christeller JT (1998) Country Status Report: New Zealand. Proc Regional Expert 
Consultation on Application of Biotechnology in Plant pest management. FAO- 
UN, RAP, Bangkok, Thailand, pp 1 1 1-128. 

27 Christeller JT (1998) A molecular strategy to decrease the environmental 
persistence of the entomopathogenic fungus, Metarhizium anisopliae. Co- 
operative research programme biological resource management for sustainable 
agricultural systems. Report on Fellowship Research Activities. HortResearch 
Internal Report 98/56. pp 10. 

28 Walter M, Christeller J, Boul L, Chong R, Slade A (1998) Bioremediation using 
white-rot fungi: Update and future prospects in New Zealand. 17 New Zealand 
Land treatment Collective technical session, 20-21 April, 1998, Blenheim, New 
Zealand. 
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Inhibitors, University of Florida, Gainsville, Dec 1999. No. 2000/253 Internal 
Report 

30 Christeller J.T., Laing, W.A. (2000) Travel Report on the 25 th Lome Protein 
Conference, Melbourne, Australia . HortResearch Report No. 2000/275 Internal 
Report 

31 Laing WA, Christeller JT, Farley P, Sullivan PA (2001) Biacore analysis of 
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of broccoli win! insect resistance genes. IAPTC Conference, Feb. 
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APPENDIX B 

1981 Department of Scientific and Industrial Research (DSIR) Study 
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1981-1982 Senior Fellow, Japan Society for Promotion of Science 

1989 OECD Fellowship, Sustainable Agricultural Systems 

1 992- 1 994 DSIR - Massey University Postdoctoral; Fellow Award 

1993 Tripartite STC Award 

1996 Co-principal Investigator, Marsden Award 

1997 ISAT Fellowship 

1997 Chairman: FAO Expert Consultative Meeting, New Dehli 

1997 OECD Fellowship, Sustainable Agricultural Systems 

1998 Visiting Professor, Dept Entomology, Univ. Maryland 

1999 Honorary Lecturer, Microbiology Dept, Otago University 

2000 Principal Investigator, Marsden Award 
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APPENDIX C 



Plant and Fungal Vacuole Targeting Sequences 



Source 



Type 



Reference 



Plant 

Proteinase inhibitor I 
Proteinase inhibitor II 

Aleurain 
Patatin 

Sweet potato sporamin 
Barley lectin 
2S albumin 

Wheat germ agglutinin 
Rice lectin 

Tobacco 1,3-glucanases 
Tobacco chitinase A 
Bean phaseolin 
Legurain 



Bean phytohemagghitinin 
Ricin 

Tonoplast intrinsic protein 
Tobacco BP-80 
Arabidopsis AtELP 
Yeast 

Yeast calnexin 



N-terminal extension 
N-terminal extension 

N-terminal extension 
N-terminal extension 
N-terminal extension 
C-terminal extension 
C-terminal extension 
C-terminal extension 
C-terminal extension 
C-teraiinal extension 
C-terminal extension 
C-tenttinal extension 
Internal sequence 
determinants, C-terminal 
extension 
Internal sequence 
determinants 
Internal sequence 
determinants 
Targeting receptor 

Targeting receptor 

Targeting receptor 

C-terminal extension 



Beuning et al., 1994 
Murray and Christeller, 
1994 

Holwerdaet al,, 1992 
Sonnewald et aL, 1991 
Matsuoka et al„ 1990 
Bednareketal., 1990 
Saalbach et al. s 1996 
Raikhel and Wilkins, 1987 
Wilkins and Raikhel, 1989 
Boletal,, 1990 
Neuhaus et al. 5 1991 
Frigerio etal, 1998 
Saalbach et al., 1991 



Tagueatal, 1990 

Frigerio etal., 2001 

JauhetaL, 1998; 
Jiang and Sun, 2002 
Miller et al. 9 1999; 
Jiang and Sun, 2002 
Ahmed et al., 2000 



Barrieu and Chrispeels, 
1999 



New References 

1. Ahmed SU, Rojo E, Kovaleva V f Ventkataraman S, Dombroski JE, Matsuoka K, 
Raikhel N V (2000) The plant vacuolar sorting receptor AtELP is involved in 
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transport of NH 2 -terminal propeptide-containing vacuolar proteins in Arabidopsis 
thaliana. J. Cell Biology 149: 1335-44. 



2. Barrieu F, Chrispeels MJ (1 999) Delivery of a secreted soluble protein to the 
vacuole via a membrane anchor. Plant Physiol. 120: 961-8. 

3. Bol JF, Linthorst JHM, Comelisson BJC (1990) Annu. Rev. Phytopathol. 28: 1 13- 
38. 

4. Frigerio L, de Virgilio M, Prada A, Faoro F, Vitale A. (1998) Sorting of phaseolin 
to the vacuole is saturable and requires a short C-terminal peptide. Plant Cell 
10:1031-42. 



5. Frigerio L et al (2001) The internal propeptide of the ricin precursor carries a 
sequence-specific determinant for vacuolar sorting. Plant Physiol, 126: 167-74 

6. Jauh G-Y, Fischer AM, Grimes HD, Ryan CA, Rogers JC (1 998) 7-Tonoplast 
intrinsic protein defines unique vacuole functions. Proc. Natl. Acad. Sci. 95: 
12995-9. 



7. Jiang L, Sun SM (2002) Membrane anchors for vacuolar targeting: application in 
plant bioreactors. Trends in Biotechnol. 20: 99-102. 

8. Miller EA, Lee MCS, Anderson MA (1 999) Identification and characterisation of 
a prevacuolar compartment in stigmas of Nicotiana alaia. Plant Cell 11: 1499- 
1508. 



9. Raikhel NV, Wilkins TA (1987 Proc. Natl. Acad. Sci. 84: 6745-9. 
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10. Saalbacb G, Jung R, Kunze G, Saalbach I, Muntz K (1991) Different legumin 
domains act as vacuolar targeting signals. Plant Cell 3: 695-708. 



1 1 . Sonnewald U, Brauer M, von Schaewen A, Stitt M, Willrnitzer L (1991) 
Transgenic tobacco plants expressing yeast-derived invertase in either the cytosol, 
vacuole or apoplast: a powerful tool for studying sucrose metabolism and 
sink/source interactions. Plant J. 1: 95-106. 

12. Wilkins TA, Raikhel NV (1 989) Expression of rice lectin is governed by two 
temporally and spatially regulated mRNAs in developing embryos. Plant Cell 1 : 
541. 
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APPENDIX D 



Biotin Binding Proteins 



Biotin Binding Protein 

Avidin 

Avidin functionally equivalent 
variants and fragments 



Type 



Reference 



Yolk/plasma biotin-binding 
proteins 

Strep tavidin 

Streptavidin functionally 
equivalent variants and 
fragments 

Biotin-binding antibodies 

Antibody functionally 
equivalent variants and 
fragments 

Biotin holocarboxylase 

synthetase 

Biotinidase 

Biotin carboxyl carrier protein 
(subunit or domain)* 



Seed biotin-binding protein 
(SBP) 



Chicken avidin 
Avidin-related genes 

Other bird avidins 

Reptilian avidins 
Amphibian avidins 
Charge variant avidins 
Non-glycosylatable avidin 
Monomelic avidin 
Ditneric avidin 
BBP-I, BBP-H 



From Streptomyces 
avidinii 

From Streptomyces 

violaceus 

Core streptavidin 

Dimeric streptavidin 

Monoclonal antibody 

Single chain antibody 



Gopeetal., 1987 
Ahlroth etal., 2000; 
Keinanen et al., 1994; 
Hytonen etal., 2003; 
Korpela etah, 1981; 
Korpela et al., 1981; 
Green, 1975; 
Marttila et al., 1998; 
Marttila et al., 2000; 
Laitenen et al., 2002; 
Pazy et al., 2003. 
Subramanian and Ariga, 
1995; 

Seshagiri and Ariga, 1987; 
White and Whitehead, 1987. 
Argarana et al., 1986. 

Bayer etal., 1995; 
Sanoetal,, 1995; 
Thompson and Weber, 1993; 
Pazy etal., 2003. 
Dakshinamurti and Rector, 
1990 

Krebber et al, 1997. 



Biotin-binding enzyme 
Plant cDNAs 
Biotin-recycling enzyme 
Human cDNA 
Biotin-containing enzymes 
3-MeC-CoA carboxylase 



Biotin-binding storage 
protein 



Eisenberg et al., 1982; 
Tissot et a., 1997. 
Wolfet al., 1990; 
Cole etal., 1994. 
Moss and Lane, 1971; 
Jitrapakdee and Wallace; 
2003; 

Hoffinanetal., 1987. 
Duval etal., 1994; 
Hsing etal., 1998. 
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Notes 

* Includes the following: acetyl-CoA carboxylase, pyruvate carboxylase, 3- 
methylcrotonyl-CoA carboxylase, geranoyl- CoA carboxylase, propionyl-CoA 
carboxylase (specifically the biotin carboxyl carrier protein subunit or domain of 
these proteins). 

NCBI Genbank lists 43 synthetic streptavidins. 
New References 

1. Ahlroth et al. (2000) Characterization and chromosomal localization of the 
chicken avidin gene family. Animal Genetics 31: 367-375 

2. Bayer EA, Kulik T, Adar R, Wilchek M. (1995) Close similarity among 
streptavidin-like, biotin-binding proteins from Streptomyces. Biochim Biophysica 
Acta 1263: 60-66. 

3. Cole H, Reynolds TR, Lockyer JM, Buck GA, Denson T, Spence JE, Hymes J, 
Wolf BJ (1994) Human serum biotinidase. cDNA cloning, sequence, and. 
characterization Biol Chem. 269: 6566-70 

4. Dakshinamurti K, Rector ES (1990) Monoclonal antibody to biotin. Methods in 
Enzymology 184: 11 1-9. 

5. Duval M, Job C, Alban C, Douce R, Job D (1994) Developmental patterns of free 
and protein-bound biotin during maturation and germination of seeds of Pisum 
sativum: characterization of a novel seed-specific biotinylated protein. Biochem. 
J. 299: 141-50. 
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6. Eisenberg MA, Prakash O, Hsuing SC (1982) Purification and properties of the 
biotin repressor. A bifunctional protein. J. Biol. Chem 257: 15167-73. 

7. Green NM (1975) Avidin. Adv. Protein Chem. 29: 85-133. 



8. Hoffman NE, Pichersky E, Cashmore AR (1987) A tomato cDNA encoding a 
biotm-binding protein. Nucl. Acids res. 15: 3928. 

9. Hsing YC, Tsou CH, Hsu TF, Chen ZY, Hsieh KL, Hsieh JS, Chow TY (1998) 
Tissue- and stage-specific expression of a soybean (Glycine max L.) seed- 
maturation, biotinylated protein. Plant Mol, Biol. 38: 481-90. 

10. Hytonen VP, Laitinen OH, Grapputo A, Kettunen A, Savolainen J, Kalkkinen N, 
Marttila AT, Nordlund HR, Nyholm TK, Paganelli G, Kulomaa MS. (2003) 
Characterization of poultry egg-white avidins and their potential as a tool in 
pretargeting cancer treatment. Biochem J 372: 219-225. 

11. Jitrapakdee S, Wallace JC (2003) The biotin enzyme family: conserved structural 
motifs and domain rearrangements. Curr Protein Pept Sci. 4: 217-29. 

12. Keinanen RA, Wallen MJ, Kristo PA, Laukkanen MO, Toimela TA, Helenius 
MA, Kulomaa MS (1994) Molecular cloning and nucleotide sequence of chicken 
avidin-related genes 1-5. Eur. J. Biochem. 220: 615-21. 

13. Korpela JK, Kulomaa MS, Elo HA, Tuohimaa PJ (1981) Biotin-binding proteins 
in eggs of oviparous vertebrates. Experentia 37:1065-6. 

14. Krebber, A., Bomhauser, S., Burmester, J., Honegger, A., Willuda, J., Bosshard, 
H.R, & Pluckthun, A. (1997) Reliable cloning of functional antibody variable 
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domains from hybridomas and spleen cell repertoires employing a reengineered 
phage display system. J. Immunol. Methods, 201, 35-55. 

15. Laitinen OH, Marttila AT, Airenne KJ, Kulik T, Livnah O, Bayer EA, Wilchek 
M, Kulomaa MS (2002) Biotin induces tetramerization of a recombinant 
monomelic avidin. A model for protein-protein interactions. J Biol Chem 
276(1 l):82l9-24. 

16. Marttila AT, Airenne KJ, Laitinen OH, Kulik T, Bayer EA, Wilchek M, Kulomaa 
MS (1998) Engineering of chicken avidin: a progressive series of reduced charge 
mutants. FEBS Letters 441:313-7. 

17. Marttila AT, Laitinen OH, Airenne KJ, Kulik T, Bayer EA, Wilchek M, Kulomaa 
MS (2000) Recombinant NeutraLite avidin: a non-glycosylated, acidic mutant of 
chicken avidin that exhibits high affinity for biotin and low non-specific binding 
properties. FEBS Letters 467:3 1-6. 

18. Moss J, Lane MD (1971) The biotin-dependent enzymes. Adv Enzymol Relat 
Areas Mol Biol. 35: 321-442. 

1 9. Pazy Y, Eisenberg-Domovich Y, Laitinen OH, Kulomaa MS, Bayer EA, Wilchek 
M, Livnah O (2003) Dimer-tetramer transition between solution and crystalline 
states of streptavidin and avidin mutants. J. Bacteriol. 185: 4050-6. 

20. Sano T, Pandori MW, Chen X, Smith CL, Cantor CR (1995) Recombinant core 
streptavidins. A minim urn- sized core streptavidin has enhanced structural 
stability and higher accessibility to biotinylated macromolecules. J. Biol. Chem. 
270: 28204-9. 
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21. Tissot G, Douce R, Alban C (1997) Evidence for multiple foime of biotin 
holocarboxylase synthetase in pea (Pisura sativum) and in Arabidopsis thaliana: 
subcellular fractionation studies and isolation of a cDNA clone. Biochem J.323: 
179-88. 

22. White HB, Whitehead CC (1987) Role of avidin and other biotin binding proteins 
in the deposition and distribution of biotin in chicken eggs. Discovery of a new 
biotin-binding protein. Biochem. J. 241: 677-84. 



23. 



Wolf B, Hymes J, Heard GS (1990) Biotinidase. Methods in Enzymology 184: 
103-11. 
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APPENDIX E 



Avidin functionally equivalent variants and fragments 

1. Ahlroth et al. (2000) and Keinanen et al. (1994) describe the existence of avidin- 
related genes (AVR). These AVR genes are 91-95% identical to AVD (chicken 
avidin) in amino acid sequences, including sequences directly involved in biotin- 
binding. There is therefore a high level of certainty that these gene products are 
biotin-binding proteins. 

2. Korpela et al. (1981) and Hytonen et al. (2003) describe avidins isolated from the 
egg white of birds other than chicken. Korpela et al. describe egg white and egg 
yolk binding proteins from 32 species of birds having properties similar to avidin 
and to chicken egg yolk-biotin-binding protein respectively. Hytonen et al. 
describe avidins from duck, goose, ostrich and turkey egg white have properties 
are very similar to chicken avidin regarding structure, glycosylation, heat and 
protease stability but show different immunological cross-reactivities. N-terminal 
sequencing of about one quarter of the molecule showed ostrich to be only 50% 
identical in amino acids whereas the others were much more similar to chicken. 
The portion sequenced does not include the binding sites where a higher 
homology is possible. The work shows that these proteins are biotin-binding 
proteins. 

3. Avidin has been identified in eggs of other oviparous vertebrates, reptilians 
(Korpela et al., 1981) and amphibians (Green 1975). The work shows that these 
proteins are biotin-binding proteins. 

4. Lab-based variants of avidin which continue to bind biotin have been developed. 
Technological applications often use streptavidin rather than avidin because of the 
high pi (10.1) of avidin leading to charge-related non-specific binding and 
because of the presence of glycosylation. Marttila et al. ((1998) created a series 
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of charge variants with pis ranging from 9.4 down to 4.7. These proteins bind 
biotin in a manner similar to the wild-type avidin and have lowered non-specific 
binding. These charged variants have been combined with a mutation of 
Asnl7>Hel7 which is longer able to be glycosylated (Marttila et al. (2000). There 
is active research to create an avidin molecule which still functions as a biotin- 
binding protein as a dimer or monomer rather than a tetraroer (Laitenen et al. 
(2002; Pazy et al. 2003). 

Streptavidin functionally equivalent variants and fragments 

1. Streptavidin was isolated from S. avidinii. Bayer et al. ((1995) isolated two very 
similar molecules (1 aa change and 9 aa changes, all very conservative) from S. 
venesuelae (now S. violaceus). These variants are also biotin-binding proteins. 

2. Streptavidin is synthesized as a 159 aa protein in S. avidinii. On isolation a 
heterogenous mixture of truncated species are found which form aggregates and 
have poor solubility compared to the fully truncated species. Many synthetic core 
streptravidins have been made, all of which retain normal functionality (e.g. Sano 
et al. 1995, Thompson and Leo 1993). These proteins are known as "core" 
streptavidins. 

3. As noted above (Pazy et a. 2003), streptavidin mutants which behave as dimers 
rather than tetramers, but retain biotin-binding properties, are known. 

Biotin-binding antibodies and antibody functionally equivalent variants and 
fragments 

1. A biotin-binding monoclonal antibody has been described (Dakshinamurti and 
Rector, 1990). In is well known that such molecules can be developed as operable 
gene sequences known as single chain antibodies (Krebber et al. 1997), such that 
it would be straightforward to create a biotin-binding SCAB although such a 
molecule is yet to be described in the literature, so far as is known. 
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Miscellaneous biotin-binding proteins 

1. Two proteins, BBP-I and BBP-II, have beeen described from chickens that are 
biotin-binding proteins and are present in both the egg yolk and the 
plasma/plasma biotin-binding proteins (Subramanian and Ariga, 1995; Seshagin 
and Ariga, 1987; White and Whitehead, 1987). 

2. Seed biotin-binding proteins (SBP) have been isolated and cloned from pea and 
soybean (Duval et al., 1994; Hsing et al., 1998). They appear to act as biotin- 
storage proteins, being degraded and releasing biotin during geirnination. The 
biotin is bound covalently. 

3. Biotin carboxyl carrier protein (subunit or domain) is a biotin-binding component 
of the nine known biotinylated carboxylases and related enzymes, acetyl-CoA 
carboxylase, pyruvate carboxylase, 3-methylcrotonyl-CoA carboxylase, geranoyl- 
CoA carboxylase, propionyl-CoA carboxylase, oxaloacetate decarboxylase, 
methylmalonyl-CoA decarboxylase, transcarboxylase and urea araidolyase (Moss 
and Lane 1971; Jitrapakdee and Wallace 2003). There are numerous examples of 
cloned genes of these proteins in Genbank and the literature. An early example of 
a plant sequence is given by Hoffman et al. (1987). The biotin is bound 
covalently. 

4. Biotin holocarboxylase synthetase is a biotin-binding enzyme which catalyses the 
biotinylation of biotin carboxyl carrier proteins. The protein has been 
characterized and cloned (Eisenberg et al., 1982; Tissot et al., 1997). 

5. Biotinidase is an enzyme that functions to salvage biotin from protease-degraded 
biotin carboxyl carrier protein. Biotin is released as lysyl-biotin (biocytin) and 
cleaved by biotinidase. Biotinidase has biotin-binding properties and has been 
characterized and cloned (Wolf et al, 1990; Cole et al., 1994). 
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APPENDIX F 



Plant Transformation 

The following are representative publications disclosing genetic transformation protocols 
that can be used to genetically transform the following plant species: 

Rice (Alam et al., 1999, Plant Cell Rep. 18, 572); 

Maize (U. S. Patent Serial Nos. 5, 177, 010 and 5, 981, 840); 

Wheat (Ortiz et al., 1996, Plant Cell Rep. 15, 1996, 877); 

Tomato (U. S. Patent Serial No. 5, 159, 135); 

Potato (Kumar et al., 1996 Plant J. 9; 821); 

Cassava (Li et al., 1996 Nat. Biotechnology 14, 736); 

Lettuce (Michelmore et al., 1987, Plant Cell Rep. 6, 439); 

Tobacco (Horsch et al ., 1 985, Science 227, 1229); 

Cotton (U. S. Patent Serial Nos. 5, 846, 797 and 5, 004, 863); 

Grasses (U. S. Patent Nos. 5, 187, 073 and 6. 020, 539); 

Peppermint (Niu et al., 1998, Plant Cell Rep. 17, 165); 

Citrus plants (Pena et al., 1995, Plant Sci. 104, 183); 

Caraway (Krens et al., 1997, Plant Cell Rep, 17, 39); 

Banana (U. S. Patent Serial No. 5, 792, 935); 

Soybean (U. S. Patent Nos. 5, 416, Oil; 5, 569, 834; 5, 824, 877; 5, 563, 04455 
and 5, 968, 830); 

Pineapple (U. S. Patent Serial No. 5, 952, 543); 
Poplar (U. S. Patent No. 4, 795, 855); 

Monocots in general (U. S. Patent Nos. 5, 591, 616 and 6, 037, 522); 
Brassica (U. S. Patent Nos. 5, 188, 958; 5, 463, 174 and 5, 750, 871); and 
Cereals (U. S. Patent No. 6, 074, 877). 



